Introduction
Critically ill patients are frequently exposed to the urge of small surgical interventions such as central venous catheter (CVC) introduction, chest drainage, surgical or percutaneous tracheostomy, or percutaneous gastrostomy (PEG) during in-hospital stay. Evaluation of extrinsic coagulation pathway using prothrombin time (PT) with its derived measures of prothrombin ratio (PR), international normalized ratio (INR) and platelet count is routinely required and used for coagulation assessment before invasive procedures in intensive care unit (ICU) patients. Because they do not reflect global coagulation profile (as they do not consider effect of platelets and other blood substances), they are being replaced by rotational thromboelastometry (ROTEM). Values of PT and/or aPTT and/or platelet count used to be often increased in critically ill patients due to many reasons [1] [2] [3] . Therefore, these patients receive inappropriate transfusions of blood components such as fresh frozen plasma (FFP) [1] and platelet concentrates (PCs) [4] to correct PT, aPTT and platelet count values [5, 6] . The aim of our analysis was to prove, that ROTEM (ROTEM ® International GmbH, Munich, Germany) can reduce blood product consumption in critically ill patients undergoing small surgery with no impact to bleeding complications following small surgical interventions.
Material and Methods
Our clinical analysis was performed retrospectively in two periods -without ROTEM measurements (April 2009 to April 2013) and following the ROTEM implementation (April 2013 to April 2015). The study comprised a sample of 1,879 patients. 523 of them were general medicine patients, 676 were post-surgery patients (abdominal and thoracic), and 680 were trauma patients. None of the patients had sepsis or septic shock. All patients were treated within 5-26 days. We focused on bleeding complications requiring surgical revisions, ultra-
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Our analysis comprised all ICU patients who had an INR > 1.5 or platelet count < 50 × 10 9 /l prior to any small surgical procedure. None of the patients had any known pre-existing bleeding disorder and none was taking any antiplatelet and/or anticoagulant therapy. All patients received a prophylactic dose of the low-molecular weight heparin enoxarinum with the antiXa plasma level within 0.2-0.4 kIU/l.
We compared our findings with relevant research results published in the PubMed database, the MeSH index in the Medline database, and Google Scholar. This was accomplished using the search terms: 'thromboelastometry', 'ROTEM', 'fresh frozen plasma', 'platelets', and 'reduction of consumption.' The NTT (number-to-treat) was set to 1,500. The GraphPad Prism statistics program (version 6.0, San Diego, CA, USA) was used to perform statistical analyses using descriptive statistics to determine median values.
Results
Mean annual FFP consumption based on standard coagulation tests was 6,235 units. ROTEM performance reduced it to 4,028 units (35% reduction) in the first year and to 2,990 units (52% reduction) during the next year. PC consumption based on ROTEM measurements decreased from 501 units to 487 units (3% reduction) in the first and to 401 units (20% reduction) in the next year. We found no bleeding complications requiring surgical revisions, ultrasound bleeding evidence, and/or chest tube insertion through the analyzed periods. The results are summarized in table 2 .
Discussion
Routine coagulation tests measure blood plasma separated from blood cells. Thus, they do not reflect hemocoagulation as the whole. In contrast, the ROTEM measures the whole blood and provides the unique and comprehensive way to assess coagulation, which reflects the physiologic conditions in vivo [7, 8] . By using whole blood, it takes into consideration also platelet function which plays a critical role in coagulation [3] . That is why low level of coagulation factors (prolonged PT/aPTT) in cooperation with platelets is sufficient for good blood clotting. Vice versa, when there is low number of platelets, the high functional fibrinogen level (present in septic ICU patients) is sufficient for adequate clot formation [7] . Müller et al. [5] describe that patients with sepsis did not bleed during invasive procedures, despite increased values of INR. This phenomenon may be explained by the fact that whole blood has a different coagulation profile than pure plasma (when measuring INR/PR) and that blood cells such as platelets play critical role in coagulation as described in the cell-based model of coagulation. The findings of the current study are also similar to those of a randomized controlled trial published by De Pietri et al. [9] who showed that invasive procedures can be done without severe bleeding in patients with cirrhosis and INR >1.8. A possible limitation of ROTEM is that it is highly dependent on fibrinogen level. In most ICU patients the fibrinogen levels are increased [2] . Therefore, ROTEM is often normal despite of low platelet count and decreased INR.
It has been clearly proved that allogeneic FFP and PC transfusions carry high risks of bacterial contamination, allergic reactions, febrile reactions, venous thromboembolism, multiple organ failure, transfusion-related acute lung injury, transfusion-related circulatory overload [10] , and poor wound healing [11] The strict avoidance of inappropriate FFP and PC transfusions might improve both the outcomes and prognoses of these patients as well as reduce transfusion-associated hospital costs [11] . Otherwise, the risk-benefit ratio of a FFP and PC transfusion strategy on the basis of abnormal laboratory test results in the absence of active bleeding is poorly understood [6, 12] . Moreover, prolonged PT/aPTT and low platelet count not only do indicate hypocoagulation but also might accompany hypercoagulation [7] . Therefore, in case of normal ROTEM, we did not see any bleeding complication during small surgical procedures or afterwards despite prolonged PT/ aPTT or low platelets count [4] . The authors also demonstrated no bleeding complications in septic patients [13] . At our mixed ICU, ROTEM measurements decreased consumption of FFP by about 50% when compared to the time period when hemocoagulation was evaluated only by standard tests for PT/aPTT and platelet count. According to the literature, these data are in accordance with those of other authors who found ROTEM to be effective in reducing FFP and PC consumption in a cardiac intensive care unit [14] , during liver transplantation [15] , and also in management of traumatic bleeding [16] and massive hemorrhage management [17] . This approach to coagulation assessment protects patients from unnecessary FFP and PC administration which are generally connected with increased morbidity and mortality. A systematic review including 80 published randomized controlled clinical trials [18] has also shown no evidence of benefit in the prophylactic use of FFP and PC in non-bleeding ICU patients prior to surgery. Daily use of ROTEM is also costeffective [19] .
Conclusion
ROTEM, as the global coagulation test, has changed our view on hemocoagulation and has helped us to provide the goal-directed and individually tailored therapy. When EXTEM results were within normal range, invasive procedures were performed without bleeding complications and without administration of FFP or other clotting factors, despite increased values of INR/PR. In spite of the general low risk of bleeding complications in small surgical procedures at ICUs, patients must be protected from any useless and potentially harmful transfusions of fresh frozen plasma and/or platelets. In addition, ROTEM contributes to spare financial resources and makes the treatment cost-effective.
Retrospective Single-Center Analysis Limitations
The main limitations of a retrospective single-center analysis are that significant biases may affect the selection of controls, may need very large sample sizes for rare outcomes, and can be very difficult to make accurate comparisons between the exposed and the non-exposed groups. Results from single-center studies are often 'site-specific' and hard to be widely accepted. In order to compensate these disadvantages, we analyzed a large cohort of 1,879 patients and compared our results with literature data .
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